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Detailed Report 

1 . Name of invention 
coordinate input device 

2. Sphere of patent request 
(Claim 1) 

This invention is concerning a coordinate input device for real time character 
input which has the following characteristics: It consists of a coordinate input step and 
display step that are parallel. The coordinate input step has a sensor with a mirror finish 
and a liquid crystal display element on top of that. The position of the writing pen is : 
extracted by timing the detection of light emitted by a pen by the surface sensor. At the 
same time, a trace of the writing pen is displayed on the liquid crystal display. The 
display step consists of the liquid crystal display element, and it displays a trace of the 
writing pen. ; - 

3. Detailed explanation of the invention 

(Technical field of this invention) 

This invention is concerning a coordinate input device which is used for online 
character recognition. 

(Prior art) 

Former online character recognition devices use letters written on a tablet, and the 
input is displayed either on a separate CRT or on a display which is added to the device. 

Because of that, the writing surface and display surface are different. 
Confirmation of correct input requires glancing up from the tablet. As a result, input is 
not only slow, but it makes the operator tired. 

; Normally, when people write sentences, they get the idea for subsequent 
; 7 sentences while looking at the sentences that have already been written. Professional 
writers have the ability to speak properly . However, casual language spoken by ordinary 
people is hard to understand when written down. In order to prevent this and to make 
consistent sentences, the next sentence is composed after looking over 1 to 3 prior 
sentences. Accordingly, for sentence input, it is necessary to be able to look at sentences 
that have been previously. . 

There are some types of online character recognition devices that require a 
specific paper. However, it is necessary to confirm whether the input has been 
acknowledged by looking at the display equipment. The correctness of the input and 
. ; logic of each sentence has to be confirmed individually. The fact that the writing surface 
';, and display surface are different cause this problem to have an adverse effect on input of 
.'•'/.■—'••-/•.'■•'.sentences.- / ■', ' \ . .' • 

. (Object of this invention) 

The object of this invention is to offer a coordinate input device where the 
operator can \vrite on a tablet as if writing on regular paper. No special paper is required. 
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According to this invention, the coordinate input and display part are the same, and the 
input can be displayed on the writing surface. Its defining characteristic is that it has a 
surface sensor with a mirror finish under a liquid crystal display element. Light from a 
light-emitting element at the tip of a light pen used to write on top of the liquid crystal 
element is scanned at certain intervals. This light is perceived by the surface sensor, and 
the position of the input light is extracted. As this position information is extracted, the 
reflection of the surface sensor is used to display the position of the incident light on the 
liquid crystal, and the writing trace is displayed. 

(Construction and function of this invention) 

First, the principal of driving the liquid crystal display element is going to be 
explained. It is well known that a liquid crystal display element can block light. When 
voltage is applied, it does not transmit light. When there is no voltage applied, light is 
transmitted. 

Concerning its construction as shown in figure 1, the main liquid crystal element 
100 is held between two polarizing plates 108, 102. The polarizing axis of the upper and 
lower plates 108, 102 are perpendicular to each other. 106 and 104 are glass substrates 
(electrodes). As shown in figure 1 (a), when voltage is not applied to electrodes 106, 
104, the liquid crystal molecule 100 is twisted 90° and light is optically rotated 90°. As a 
result, light is transmitted. When voltage is applied, as shown in figure 1 (b), since the 
liquid crystal molecules line up in a fixed direction, light is not optically rotated. Since 
the polarizing axis of the polarizing plates are perpendicular to each other, light will be 
blocked. This liquid crystal display device has a reflective plate attached to the bottom of 
the polarizing plate 102 to reflect light injected from the top. When letters, etc., are 
displayed, voltage is applied only to the area to be displayed, so light at the site will not 
be reflected, and the letters look dark. 

Liquid crystal elements have had several problems. The dot pitch cannot be 
reduced, and the recovery time of the liquid crystal molecule is long. These used to 
prevent it from being used fro anything other than a display element. Recently, a liquid 
crystal with a 0.1 mm pitch and lm sec cycle time (starting, saturation, recovery) has 
been in actual use. This example has been published in articles such as "development of 
liquid crystal printer head for 7 pieces/min. printing speed at 10 pieces/mm image- 
decomposition in Nikkei Electronics, May 10, 1982. 

This invention describes a liquid crystal with small enough dot pitch and fast 
enough cycle time to be used as a coordinate input device. One example of practice is 
shown in figure 2. The example on figure 2 shows 80 liquid crystal molecules placed 
horizontally and 40 pieces vertically. The small round marks indicate liquid crystal 
molecules. Liquid crystal molecules are placed with 0.25 mm pitch in both the vertical 
and horizontal directions in figure 2. This functions as a two letter frame. 

The driving method of the liquid crystal element is shown in figure 3. Figure 3 
(a) is the driving voltage which drives the liquid crystal element; (b) explains the shutter 
function. That is, it is reasonable to measure the luminous intensity of light from above 
the polarizing plate shown in figure 1 using a luminosity meter placed below the 
polarizing plate (not shown in the figure) as (b). Also, (b) comes at the same time as the 
driving wave (a). The area from to to ti, ti and after in figure 3 (a) shows voltage applied 
to the liquid crystal element. Therefore, incident light does not go through liquid crystal 
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element. Between tl to t2, since voltage is not applied to the liquid crystal element, light 
passes through the liquid crystal element. However, since passing light depends on the 
motion of the liquid crystal molecules, it becomes the wave shape shown in figure 3(b). 
Now, luminosity smaller than the maximum value of passing light of this liquid crystal 
element is taken as Ta and light more than Ta is detected, the time when luminosity 
exceeds Ta is 1, and the cycle T is 1 m sec as explained above. When t is set up at 
approximately l A of T, it will make the figure shown in figure 3 (b). Next, a driving wave 
which is delayed for l / 2 cycle than figure 3 (a) is shown in figure 3 (c). The luminosity 
corresponding to (c) is (d). At this point, the detecting times t of passing light for (b) and 
(d) do not interfere with each other. The 1 st line of the liquid crystal element of figure 2 
is driven in order from the 1 st row to the 80 th row. The 1 st row is driven with the timing 
(a), and the 2 nd row is driven at timing (c). The 3 rd row timing is delayed Vi cycle 
compared to (c), etc., and it can be driven at 0.25 milliseconds per each element. Figure 
2 shows the liquid crystal molecules in 40 lines and 80 rows. These 3200 liquid crystal 
molecules are divided to 160 blocks of 20 pieces each and are simultaneously driven. By 
detecting which block the signal comes from, it is possible to detect which part of the 
3200 pixels has been illuminated. Conventional methods of reducing the actual driving 
cycle can be followed easily, and their explanations are omitted here. 

When driven by the above method, 1 block can be driven in 20 x 0.25 = 5 
milliseconds. Accordingly, the liquid crystal surface in figure 2 can be scanned 200 
times a second. Even when the time required to display letters, etc., on the liquid crystal 
is considered (for example, even with a duty cycle of 50 %), it is still possible to scan 100 
times in 1 second. A scan rate of 100 times/sec. is sufficient for online character 
recognition, and decomposing is sufficient at 4 pieces / mm. 

Figure 4, shows the construction of the coordinate input device of this invention. 
1. is the liquid crystal element of figure 1. As explained before, it divides 40 lines and 80 
rows of liquid crystal molecules into 1 60 blocks of 20 points each. They are driven with 
the timing shown in figure 3, and the liquid crystal surface is scanned 200 times a second 
at every block. 2. is a planar sensor corresponds to liquid crystal element 1 which is 
made of, for example, the near infrared spectrum, and it is divided into 160 blocks. By 
using a planar element 2 with a mirror finish, it becomes the reflective surface explained 
in the discussion of the liquid crystal principle. 3. is a light pen for writing which has a 
directional near infrared light-emitting element in its tip. Every block is scanned 200 
times a second, and light 4 from the pen tip 3 is incident on the liquid crystal molecule. 
The timing of the reflected output from the planar sensor 2 indicates the position of the 
incident light, the timing and block number where the output is acquired can be used to 
extract position data from anywhere on the entire liquid crystal surface. 

As stated above, when only the writing coordinate position is extracted, it is 
sufficient to scan the liquid crystal surface 20 times a second at each block. However, if 
the writing trace is also displayed on the liquid crystal as shown in figure 5, for example, 
the duty cycle is cut to 50%. Since unnecessary light is incident during the writing trace 
display, output from the surface sensor is cut off. 

Figure 6 is a block diagram of the coordinate input device of this invention. 1 , 2, 
3 are liquid crystal elements, planar sensor, and the writing pen explained above. The 
writing area (1, 2) has a planar sensor 2. In the display area (1), there is no need to set up 
a planar sensor, and a general reflective plate is set up. 
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5 is the position extracting part which extracts output timing by controlling light 
emission and the planar sensor and it also extracts position information for the block. 6 
is the main control section which controls the liquid crystal element timing as shown in 
figure 3 by commands from the position extracting part 5. This main control section also 
controls the writing trace display based on the positional information which has been 
extracted. 7 is the driving section. 8 is the display control section which controls the 
display of the results of the character recognition position information and operator 
instructions. 9 is the driving section. 10 is an external terminal which outputs results or 
inputs commands, etc., from outside. 

(Effects of this invention) 

As explained above, a planar (surface) sensor with a mirror finish is set up on a 
liquid crystal display element. Using the shutter function of the liquid crystal, the device 
has a coordinate input function. At the same time, reflection from the surface sensor is 
used to display a writing trace. This invention can be used as an online character 
recognition device which recognizes and displays written letters in real time. This device 
does not require special paper. 

In the example of practice, the writing coordinate position is extracted by 
scanning the liquid crystal element. The surface sensor side may be divided into 80 x 40 
dots (20 dot 160 block) as shown in figure 2 to be sensed using the timing shown in 
figure 3 in order to acquire a similar result. 

4. Simple explanation of figures 

Figure 1 (a) and (b) show the liquid crystal principle; figure 2 shows the placement of the 
liquid crystal molecules; figure 3 explains the liquid crystal element driving scheme; 
figure 4 shows the construction of one example of practice of this invention; figure 5 
shows the timing of the liquid crystal element driver in one example of practice of this 
invention; figure 6 is a block diagram of one example of practice of this invention. 
1 : liquid crystal display 
2: planar sensor 

Applicant: Oki Electrics K.K. 

Assigned representative: Keiichi Yamamoto, patent attorney 
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